This paper presents a detailed empirical description of airport connectivities in four major multiple airport cities (London, New York, Los Angeles, and San Francisco). Our analysis draws on data derived from a previously largely untapped information source, i.e. the socalled 'Marketing Information Data Transfer' (MIDT). This dataset contains information on actually flown transnational routes, which allows for a thorough assessment of the chief connectivity characteristics of specific airports. Combined with information derived from a number of other sources, our results point to functional divisions among airports, both in terms of their geographical scale (e.g. national, regional, and international airports) and their specific role in the airline network (e.g. origin/destination versus hub airports). The implications of the results are discussed, and some avenues for future research are considered.
INTRODUCTION
In a deregulated air transport market, airports in multiple airport cities (MACs) only survive by attracting and accommodating enough passengers. A study by Pels et al. (1997) , for instance, reveals that an airline's choice for a specific airport is driven by the level of demand more so than by the airport's pricing policies.
3 To obtain a more refined picture of what constitutes and drives the 'level of demand' at MAC airports, Pels et al. (2000 Pels et al. ( , 2001 later engaged in an analysis of the variables influencing the choice for a particular airport in the San Francisco Bay Area. They hereby distinguish between two sets of mutually interacting factors, i.e. (i) airport characteristics and (ii) airline characteristics. The former refer to variables such as access time and passenger charges, the latter to variables such as airline pricing schemes, offered direct destinations, and flight frequencies. To model the impact of these variables (as well as their interactions), Pels et al. (2000 Pels et al. ( , 2001 ) apply a nested multinomial logit model to the airport system in the Bay Area. The data consist of a combination of (i) airport-specific survey information gathered by the Oakland-based Metropolitan Transportation Commission (MTC) and (ii) airline-specific information on direct routes provided by the Official Airline Guide (OAG).
The research by Pels et al. (2000 Pels et al. ( , 2001 ) continues a long tradition of demand modelling for MAC airports (e.g. Kanafani et al., 1975; De Neufville, 1976 , 1984 Ashford and Benchemam, 1987; Harvey, 1987; Thompson and Caves, 1993) . However, in spite of the sophistication of these models, their relevance seems to be somewhat hampered by a number of conceptual and data deficiencies. Conceptually, it can be noted that airport interactions in a MAC are only partly about competition. Indeed, the very existence of a MAC system also allows airlines to deal with capacity constraints at the premier airport (e.g. London Gatwick as de facto reliever airport for British Airways) or serving specific niches (e.g. London City for British Airways' short-haul business flights). In such cases, it can be said that the connectivity of MAC airports is complementary rather than competitive in nature. This also opens up questions of how this cooperation occurs 'on the ground' (e.g. the transfer system between Heathrow and Gatwick, see http://alturl.com/5ba2, last accessed 8/7/2009). The subtle balance between competition and cooperation in a MAC can clearly be observed in the multi-nodal region centred on the Netherlands, Belgium and northern France. In this region, the Air France/KLM merger has opened up new possibilities for fine-tuning connectivity between Charles de Gaulle and Amsterdam as the companies' networks are largely complementary. At the same time, this merger also has an important ground transportation component to it: fast rail links between Brussels and Antwerp on the one hand and Schiphol and Charles de Gaulle on the other hand have expanded both airports' market area to the degree that the entire region may now be considered as a single large-scale MAC with a subtle balance of competition and cooperation amongst its different airports.
In terms of data, in turn, a key missing variable in the MAC competition models of Pels et al. (2000 Pels et al. ( , 2001 ) -as the authors themselves acknowledge -is actual ticket prices. The absence of this information leads the authors to second-guessing the impact of low cost-carriers on the model results. More importantly, however, the adopted research design in Pels et al. (2000 Pels et al. ( , 2001 equally implies that only a specific portion of the 'level of demand' is modelled: only potential origin passengers are considered. Exclusively modelling the demand of prospective origin passengers in a MAC system is, of course, an entirely valid approach for answering some salient research and policy questions (e.g., the impact of airport accessibility on attracting origin passengers). But this partial approach becomes less suitable if one wishes to consider the total demand level at a MAC airport: destination and hub passengers are dropped off the map. However, competition for hub passengers in particular is becoming increasingly relevant because of the adoption of hub-and-spoke models for organizing route structures (Button, 2002) . Once again, the Air France/KLM is instructive in this context, as the company's 15 + daily return flights between Schiphol and Charles de Gaulle are clearly reflecting the development of a multi-hub system rather than the actual volume of origin/destination traffic between both cities per se. As a consequence, hub flows need to be considered when examining connectivity in a MAC. Demand models for hub-andspoke networks have been developed (e.g. Hendricks et al., 1995 ; for a useful overview, see Bryan and O'Kelly, 1999 ), but thus far the possible implications for MACs have not been explicitly broached. Once again, the major impediment to the development of such models may well be the lack of suitable data. The OAG data employed by Pels et al. (2000 Pels et al. ( , 2001 , for instance, do not allow singling out an airport's hub connectivity: OAG-data consist of information on route capacities rather than actually flown connections, which makes it impossible to distinguish between origin passengers and passengers making an onward connection.
Taken together, the previous discussion suggests that although deregulated air transport markets do indeed imply that MAC airports survive by attracting and accommodating enough passengers, we should bear in mind that 'airport connectivity' implies quite intricate interpretations of the general notion 'level of demand'. It is, for instance, possible that it refers to the potential volume of hub passengers (e.g. Paris Charles de Gaulle as international hub for Air France), specific types of origin/destination passengers (e.g. London City Airport as destination for short-haul business flights and London Stansted as EasyJet's base for no-frills flights to tourist destinations), or origin passengers that have been attracted through cooperation with other transport modes (e.g. intercontinental Air France passengers boarding a fast train in Brussels that brings them directly to Charles de Gaulle).
The main purpose of this paper, therefore, is to complement previous modelling exercises with a simple, but detailed empirical comparison of the chief characteristics of airport connectivities in a number of major MACs. This paper does, therefore, not report on demand modelling per se; the focus is on providing an introductory description of some of the scalar and functional differences between traffic at different airports in some major MACs. A large part of this detailed comparison is made possible by drawing upon a data source introduced in Derudder and Witlox (2005) . This so called 'Marketing Information Data Transfer' (MIDT) data source contains information on the spatiality of actually flown, transnational connections in the period January-August 2001, which allows for a thorough assessment of the principal characteristics of specific airports. The MIDT database is now relatively old, i.e. eight years is a lifetime in the airline business. Although this has some implications for our results, the major point here is that -in contrast to standard airline statistics -MIDT data are capable of examining the 'level of demand' in much more detail than previously attempted, and so improving our understanding of the operation of MACs. Data from this source will be complemented with information from various other sources to sketch a detailed picture of the level of connectivity in some key MACs.
The remainder of this paper is organized as follows. The next section discusses the data and our framework of analysis. The third section presents the actual description of airport connectivities in some notable MACs. The fourth section discusses the main implications of our findings, and outlines some avenues for future research.
FRAMEWORK OF ANALYSIS AND DATA
In this paper, we describe the scalar and functional differentiation among airports in four major MACs, i.e. those centred on London, New York, Los Angeles, and San Francisco. O'Connor (2003, p. 91 ) identifies a total of 17 MACs, whereby London, New York and Los Angeles dominate this list with at least five airports. We also include San Francisco because this is arguably the most intensively researched city in this context (e.g. Harvey, 1987; Pels et al., 2000 Pels et al., , 2001 . 4 For each MAC, we gauge airport connectivities and their associated spatiality. This is done separately for origin/destination (O/D) and hub flows. In addition, we examine which carriers contribute to the overall connectivity for both types of flows. Table 1 gives an overview of the airports included in the analysis.
Table 1: airports included in the analysis
Arguably the most important novelty here lies in the detailed assessment of the significance and the spatiality of demand associated with an airport's hub function. One of the referees of this paper usefully pointed out that the term 'hub' has two interpretations. First, it is an airline management strategy that -when applied -creates impacts on places like Atlanta and Cleveland. Second, it is a descriptive term that reflects the level of activity on a particular indicator, thus differentiating the role of airports in a MAC network. In this paper, the term 'hub' is used in the latter sense. When used in this way, Schaafsma, (2003, p. 28 ) (see also Derudder et al., 2007) noted that the major airports of Atlanta, Chicago and Dallas/Fort Worth are far more important hub airports than JFK and Los Angeles International which will be analysed as MACs, both in size and dominance of the home carriers: ''New York and Los Angeles are typical O/D airports: big, with considerable international travel, but with very limited roles as hubs."
The mounting importance of hub connectivity can be traced back to the fact that this organizational form allows ''airlines to exploit important productive efficiencies due to the presence of economies of traffic density and economies of scope" (Nero, 1999, p. 226 ; see also Oum et al., 1995; Hendricks et al., 1995; Derudder et al., 2007; ). This outcome is also associated with processes that have in turn been catalyzed by 'external trends' such as the deregulation pacts in Europe and the United States (Burghouwt and Veldhuis, 2005) . It can be expected that the further liberalisation of air traffic will once again reinforce the trend towards hub-and-spoke based organization by airlines, but there are at the same time some powerful countertendencies at work. The most important countertendency is the mounting success of low-cost carriers, which are notorious for their use of a point-to-point organization. The ensuing reinstatement of large scale point-to-point models challenges the gradual shift towards hub-and-spoke networks, and this is likely to gain further pace as low-cost carriers continue to increase their market shares. It is difficult at this stage to predict how the total share of both organizational networks will evolve, but it is obvious that both systems will continue to co-exist. We gauge hub connectivity in two different ways. The first measure is the absolute hub intensity of airports (AH), whereby hubs are identified in terms of the total number of passengers making an onward connection. The second measure is the relative hub intensity of airports (RH), which is computed by dividing AH by the total volume of passengers making use of the airport. If RH = 0, then the airport functions as pure origin/destination node. If RH = 1, then the airport functions exclusively as a hub.
In the previous section, we argued that a major impediment to detailed assessments of the hub functionality of (MAC) airports is the lack of suitable data. The whole idea of a hub is that passengers make onward connections, but such information is not registered in standard airline statistics (Derudder and Witlox, 2008; Devriendt et al., 2009) : standard data sources customarily gauge the individual legs of O/D connections rather than the directly identifying the connections. This holds true for the OAG data employed by Pels et al. (2000 Pels et al. ( , 2001 , but also for the information provided by the International Civil Aviation Organization (ICAO), the International Air Transport Association (IATA), and the Association of European Airlines (AEA). In this paper, we therefore draw on a new and largely untapped data source. This so-called 'Marketing Information Data Transfer' (MIDT) database contains information on airline bookings made through so-called Global Distribution Systems (GDS). GDS are electronic platforms used by travel agencies for managing airline bookings, hotel reservations and car rentals. Well-known examples of GDS are Galileo, Apollo, Sabre, Worldspan, Amadeus, Topas, Infini and Abaccus (Shepherd Business Intelligence, 2004) Miller (1999) estimates that as late as 1999, more than 80% of airline bookings were made through GDS. The connections that are not being recorded in the MIDT database primarily pertain to low-cost carriers such as EasyJet. The connectivity of London's 'low cost'-oriented airports (Stansted and Luton), for instance, will therefore likely be underestimated in the analysis that follows. It also implies that it is not straightforward to gauge the relative importance of individual carriers at such airports. Another similar and very useful dataset available for the US aviation market is the USDOT 10% ticket sample. This dataset includes the full flight itinerary from origin, through hub(s) connections, to destination airport for 10% of all US flights. Our MIDT dataset, however, contains global flight information, which makes it more useful for our purposes. For every GDS-based booking, the MIDT database records information on airline codes, flight numbers, O/D airports, switching points (if any), booking date, departure date, agency name, cancellation indicators, and so on. Through the cooperation of an airline, we were able to make use f a MIDT database covering the period January-August 2001. The dataset contains information on a total of 547,410,397 passengers movements, 127,288,181 of which pertain in one way or the other to the four MACs under investigation. Table 2 gives the reader an idea of the basic outline of the MIDT database. Because of the specific way in which the data were recorded, it becomes possible to distinguish between an airport's O/D flows (''ORIGIN" and ''DESTINATION" fields) and its hub connectivity (''CXN1" and ''CXN2" fields). Table 3 presents an overview of airport O/D connectivity in each of the four MACs. The table lists the total volume of passengers for each airport, and unravels the spatiality behind this overall connectivity; spatial patterns are assessed (i) by distinguishing between national and international flows and (ii) through a more wide-ranging regional breakdown of passenger movements. In addition to the presence of one or more dominant airport(s), each MAC has one or more airports serving a relatively small volume of passengers. connectivities that are almost exclusively oriented to other US cities. It is perhaps useful to remember that this spatiality is not an artefact of the data, since our data cover genuine O/D flows rather than offered capacities from/to specific airports. Nor should these lower connectivities be seen as reflecting a 'less competitive' position in terms of the level of demand. Rather, they should be attributed to a number of different factors that (sometimes temporarily) constrain the development of the airport. One of the big impediments for the development of Stewart Airport, for instance, was not necessarily that there was no airport capacity, but rather that getting to the airport was difficult. The completion of Interstate 1984's new Drury Lane exit, in 2007 and the accompanying access road to the airport were explicitly intended to remedy this problem (Randall 2007) . The relatively small size of Long Beach Airport, in turn, is due to ordinances adopted to minimize noise in the residential neighbourhoods. The current noise levels allow for a maximum of 41 daily commercial flights and 25 commuter flights (http://www.longbeach.gov/airport/green/default.asp, last accessed 8/7/ 2009) so that the reduced connectivity is less driven by the level of demand than by the setting of the airport. In the case of Sonoma County Airport, the only commercial airline service in 2001 was operated by United Express which subsequently was halted because the flights (to San Francisco and Los Angeles) were not profitable. In the period 2001-2007, the airport was exclusively used for general aviation. Recently, commercial aviation services have returned: additional routes brought new hope that other airlines will start flying into Sonoma County. In general, airports with sizable O/D connectivities have a more developed international profile. In each of the three US MACs, the most important airport is also by far the most international airport. This is of course related to the number/length of runways at the major airports: the aircraft types most commonly used for intercontinental travel (B747, B767, B777, A340, A380, etc.) need runways of at least 7000-8000 ft to take off. Thus, JFK with its four runways with lengths between 8400 ft and 14,500 ft is well-suited for these aircraft, while Westchester County Airport, with two runways of 4451 ft and 6548 ft, respectively, is ill-equipped. In San Francisco and Los Angeles, only the leading airports -with four runways of 8000-12,000 ftexhibits a substantial international O/D profile. London's most important airports (Heathrow and Gatwick) are dominated by British Airways. The significance of US flows from/to Gatwick is exemplified by the important position of Virgin Atlantic Airways (which specializes in US flights) and US carrier Continental Airlines. Flights offered by non-UK carriers encompass a significant share of London's airline market: Lufthansa is ranked 3rd at Heathrow, while back in 2001 SwissAir held a more important position at the business airport, London City, than any other (UK) carrier. Table 5 presents an overview of airport hub connectivity in each of the four MACs. The AH and RH rankings are complemented with a simple measure of 'internationality'. This is achieved by distinguishing between international, regional, and mixed international/ regional hub flows: (i) an ''international" hub function involves connections to cities in other regions: e.g. John F. Kennedy for the connection Brussels-Mexico City; (ii) a 'regional' hub function involves connections to cities in the home region: e.g. LaGuardia for the connection Chicago-Orlando; and (iii) a 'mixed international/regional' hub function involves connections between city in the home region and a city in another region: e.g. Newark for the connection Amsterdam-Denver.
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The first and most obvious pattern is that, taken together, in MACs the most important O/D airports are also the major hub airports. Los Angeles' one-airport dominance in terms of O/D flows, for instance, re-emerges: Los Angeles International is the only airport with significant hub flows. The only exceptions are LaGuardia and Oakland Metropolitan, which have far fewer hub passengers than JFK/Newark and San Francisco International/San José International respectively. This implies that La Guardia exhibits totally different scalar and functional characteristics than JFK and Newark: it is an O/D airport with an unambiguous national focus. A similar observation can be made for Oakland Metropolitan. In New York's MAC system, Newark's hub function is a little bit more important than JFK in both absolute and relative terms (see also Schaafsma, 2003, p. 30) . However, JFK has a more developed international profile; only 4% of JFK's hub passengers travel between North American cities (30% for Newark). Although San José International connects a sizable number of hub passengers, it is far less important in absolute and in relative terms than San Francisco International. The latter also enjoys a more international profile: 56% of its hub passengers fly to/from a city outside North America. In London's MAC system, Heathrow dominates all other airports in absolute volume of hub passengers. However, in relative terms, Gatwick stays in tune with about 14% of all passengers making an onward connection. The spatiality of their hub functions is more or less comparable, with Heathrow connecting more international passengers.
For each airport, Table 6 lists carriers according to their contribution to the airport's total hub connectivity. The table also features the total number of carriers connecting passengers at that airport (with a threshold of 1000 hub passengers during the period under investigation). In general, the rankings largely replicate those for O/D flows. There is, however, one major difference: the 'gaps' between different carriers are considerably bigger. Thus, while Continental serves five times more O/D passengers at Newark than runner-up American Airlines, it serves about 100 times more hub passengers. A major exception is JFK, where Delta is ranked first in terms of hub flows, whereas it is only the second most important carrier for genuine O/D flows. British Airways dominates hub connectivity at both Heathrow and Gatwick. It is clear that until recently British Airways pursued a double-hub strategy, in which both were are considered to be viable switching points in London's MAC system. This strategic approach has been materialized through schemes such as the mid-1990s Jupiter project (Starkie, 2002) . This project involved moving some long haul routes (especially African connections) from Heathrow to Gatwick. The freed slots at Heathrow were thereupon used for other services. Since then, there has been a continuous re-shuffling of British Airways routes between these airports. 
DISCUSSION AND AVENUES FOR FURTHER RESEARCH
In the previous section, we presented a straightforward overview of airport connectivity in some major MACs. All in all, the various tables contain few surprises. It is, for instance, well established that Continental's position in New York's MAC system reflects its Newarkconcentrated strategy involving sizable hub operation. However, the major point here is that, in contrast to standard airline statistics, MIDT data are effectively capable of revealing the levels of differences between the component airports in the MACs studied here, which opens up numerous possibilities for further research on air transport in general and MACs in particular. Such future MAC research could for example utilize a more refined regional and international spatial dis-aggregation of the data to reveal some interesting patterns.
Perhaps more importantly, the tables and associated discussion suggests that MAC research should not be narrowed down to airport competition. Rather the focus needs to be upon the complementarities between MAC airports. That focus opens up the need to look at what happens on the ground in MACs. For instance, both to understand and take advantage of connectivity in a MAC, it is necessary to consider how a transfer strategy can be integrated with ground transportation between the airports. At present, major carriers, and the regional planning and management agencies spend little time and effort on this aspect. In London, British Airways suggests a minimum connection time of 3 h for a Gatwick/ Heathrow change, while the airports are only 30 miles apart; In Paris, something similar applies to Air France's Orly/Charles de Gaulle-connection system. The integration could be implemented at the level of the individual airports (rather than individual carriers) or even the MAC as a whole. Thinking along those lines will involve an elaborate mass transport system that interconnects the city and its airports which may be a big plus in terms of increasing capacity in the overall system of airports. In the Bay Area, for instance, the Bay Area Rapid Transit (BART), a heavy-rail public transportation system, already connects the city with San Francisco International Airport and Oakland International Airport. Furthermore, BART also has direct connections with regional rail services providing fast services all the way to San José. Expansion projects for BART include the San José and the Oakland Airport Connector which would help fully integrate the Bay Area MAC, thus opening up new possibilities for individual airports, airlines and passengers.
Other promising research opportunities are to be found in refining and extending the approaches to the analysis of demand at MACs These refinements will not necessarily entail fully fledged hub demand models for MACs per se, but rather require a re-thinking of current approaches. First, it seems highly unlikely that existing hub models can be applied to MAC systems. After all, the specifications of MACs was independent of their relevance in the context of hub-and-spoke networks. When examining competition for origin passengers, it can readily be assumed that a MAC represents a meaningful unit of analysis, as they are usually very large, globally significant cities. But MAC airports face far greater competition when it comes down to hub roles. In fact, the hub role may be less relevant in MACs as, in general, they are not major transaction centres for passenger flows. As noted earlier, it is well known that well-connected MACs such as London, New York and Los Angeles are not necessarily major hubs in airline networks (Derudder et al., 2007 ; see also Schaafsma, 2003; De Neufville and Odoni, 2003; see, however, Pels et al., 1997) . This is because the basic conditions for ideal hub functioning are not met due to the O/D-related congestion around MACs associated with their sheer attraction as destinations. For airlines it becomes increasingly fruitful to bypass them when organizing route structures. Centrally located cities in less important urban areas with relatively limited O/D traffic (e.g., St. Louis, Cincinnati and Dallas) can offer reliable schedules and cost savings associated with hub operation. That means, in spite of some spatial constraints, a passenger travelling from Brussels to San Francisco has many alternative hub options other than the MACs studied here at his/her disposal. Taken together, this implies that competition for hub passengers may well be a very difficult proposition for MACs: it involves airports beyond the MAC system, and MAC attractiveness for hub functions is increasingly being downplayed because of locational and capacity constraints.
However, this does not imply that consideration of hub flows is trivial. First, because of the sheer size of their O/D-market, major MACs will likely remain reasonably important hubs in absolute terms. And second, because an airline's choice for a specific airport is disproportionately influenced by prospective hub passengers, these connections will need to represent a crucial element in demand models. This disproportionate importance of hub passengers can be traced back to the observation that O/D carriers have far more scope for switching operations between different airports than hub carriers. The major implication here is that an airline's choice for a specific MAC airport may in large part be driven by the prospective volume of hub passengers, even if these amount only to a relative small proportion of the overall connectivity. In London, British Airways is capable of sustaining two hub airports because of its sheer market dominance (coupled with the city's prime position in global airline networks; see also Berechman and De Wit, 1996) . In US MACs, however, achieving and sustaining market dominance is more difficult because of the large number of competing carriers and hubs. As a consequence, empirical insight in the volume and the spatiality of hub flows is of prime importance for modelling the complex mechanisms driving demand in MACs. In summary the internal organization of MACs, as well as their intercity competitive position, hold the bones of an interesting air transport research agenda.
